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This Invention nlitn to a me: hod of moving dissolved 
eaUaalnante with relatively high aolecular weights and Inorganic 
substances fro« fossil derived, hydrocarbon liquids. 



5 



It he* already been proposed la United State* Patent fester 



4.093,540, dated June 6, 1978, -Purification Process', A.K.S. Gupta, 
to refine dilute glycerlde oil compositions by contacting tbea, in 
solution In an organic solvent with a seal-peneable (e.g. poly 
eulphone or polyacrylonl.rlle) meabrane to aeparate constituent* of 
10 different aolecular weight* into retentate and permeate fractions. 
The removal of, aay, phosphatide* (lecithins) froa, say, a hexane 
solution of crude ve^et-b'e oil by the Gupta process is possible 
because lecithins, when dissolve* in hexane, fore molecular aggregates 
known as sdcelles with a aolecular weight a* high as 200,000. 



these high aolecular weight aggregates, it la not possible to for* such 
high aolecular weight aggregrates with hexane froa high aolecular 
weight fractions of, or inorganic eubstances, present therein as 

20 solutions and suspensions, froa fossil derived hydrocarbon liquids, and 
ao the Gupta process is not useful as a aeration process in this 
instance, unless, as taught by Gupta, these sub- stances (e.g. bituaen, 
calcium or magnesium) are present chemically associated with the 
phospholipids which is never the case. Tnis Is home out by the fact 

25 that Gupta teaches that copper is not removed by his process. 



fractions of organic or inorganic substances, present as solutions 



While the Gipta process has been found useful for separating 



There la a need for a process where high aolecular weight 



• * 
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^ and suspensions and not chemically associated with phospholipid*, 
art removed fro* fossil derived hydrocarbon liquids. 

According to the present Invention there li provided a method 

5 of removing substances fro* fossil derived, hydrocarbon liquid 

comprising, passing the foss il derived hydrocarbon liquid aa a feed 
containing at least one substance selected fro* the group consisting of 
higher molecular fractions thereof and Inorganic substance* and having 
« viscosity of less than about 600 cent 1 poise t across a high pressure 

10 side of s micro porous membrane, at pressure dlfferentlsl In the range 
of about one atmosphere to about 100 atmospheres (i.e. 0.1 to 10.0 
HPa), at least an outer layer of the merbrane , on the high pressure 
aide thereof, b eing of at least one lvoohillc* hvdrnrsrhon liquid 
sta ble, organic, polymeric material, an ** hmglne a mleroporoua structure 

15 that provides the said at lea st an outer layer with a molecular weight 
cut off or less than about 20,000, when measured in aqueous medium, 
mnd Jesa than 4,000, when measured in oil, 0,0 that oil depleted In the 
sa id a t least one substance permeates the membrane leading Haul* 
hydrocarbon enriched in the aald at least one substance as a retentfct* 

20 on the high pressure si de of the membrane. 

The hydrocarbon liquid feed nay contain asphsltenes and the 
permeate may be essentially asphaltene free. 

25 The viscosity of the hydrocarbon liquid feed may be reduced 

to less than about the said 600 centlpolse by heating the hydrocarbon 
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liquid. This will case the processabllity and reduce the pressure drop 
of the hydrocarbon liquid Teed on the re tent ate side of the membrane. 
The viscosity of the feed hydrocarbon liquid nay also be reduced to less 
than about the said 600 centipoise by diluting the hydrocarbon liquid 

5 feed with a solvent therefor. 

Separated solids In the retentate Bay be separated from the 
renaming retentate, and then the remaining retentate recirculated to the 
membrane for further separation. 

The retentate say be enriched with at least one inorganic 

10 substance selected fron the group consisting of nickel, vanadium. 

chromium, copper, aluminum, boron, titan lira, rinc, lead, Iron, nitrogen, 
silicon, phosphorus, magnesium, calcium and sulphur present in the 
hydrocarbon liquid. 

Preferably the viscosity of the hydrocarbon liquid peraseate is 

15 less than about 50 percent of that of the hydrocarbon liquid feed. 

In some embodiments of the present Invention the said outer 
layer Is of at least one material selected from the group consisting of 
polysulfones, polyacrylonltrites, pulyantde and polyvinyl I dene fluoride. 
In other embodiments or the present Invention the hydrocarton 

20 liquid fee is passed across the retentate side of the membrane wltn the 
hydrocarbon liquid feed having a viscosity of less than about 400 
centipoise, and the microporous structure of the said at least outer 
layer provides that layer with a nolecular weight cut off of less than 
about 10,000 in an aqueous medlus. This is particularly useful for 

25 removing, for example, asphaltenes from tar sand bitumen In addition to 
removing inorganic substances therefrom. 
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In the accompanying drawings which are provided for a bett«r 
understanding of the present invention: 

Figure 1 shows a flow diagram of apparatus used to verify the 
present Invention* 

5 Figure 2 is * graph of the Molecular weight distribution or a 

light oil before and after the separation of inorganic substances 
therefrom, and 

Figure 3 is a graph or the molecular weight distribution of a 
heavy oil before and after the separation of Inorganic substances 
10 there f roe. 

In Figure 1* there is sfcrwn a tank 1, containing fossil derived, 
aroma tics and allphatics containing, hydrocarbon liquid 2, a stirrer 4 in 
the hydrocarbon liquid 2, a tank 6 containing a solvent 6 for the 
hydrocarbon liquid 2, pumps 10 and 1?, a heat exchanger 14, a membrane 

1$ separating device 16 having a aicroporous membrane 18, a tank 20 

containing retentate 22, a centrifugal separator 2« , pumps 26. 28 and 
valves 30 to 33. 

At least an outer layer y* on the high pressure side of the 
membrane 18 is of at least one lyophtllc, hydrocarbon liquid stable, 

20 organic, polymeric material, and has a aicroporous structure that 

provides that said at least an outer layer with a nolecular weight cut 
off of less than ***out 20,000 when measured in an aqueous medium. One 
method of providing such a membrane 18 is described m\6 claimed in United 
States Patent Mo. *,*51 ,*i2*>, for casting polysulfone membranes, and other 

2$ methods of producing such nembranes in other materials are well known to 
persons skilled in the art* 
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In operation, hydrocarbon liquid 2, together with a solvent 8 # 
auch as naphtha, mint a therewith by stirrer *, ir It it necessary to 
reduce the viscosity of the hydrocarbon liquid 2 in tnis manner, is 
pumped by the pump 12 through the heat exchanger 1* to provide a pressure 
5 differential In the range one to 100 atmospheres at the membrane 18 of 
the membrane eeparatlnt device 16. The heat exchanger 1 a say heat the 
hydrocarbon liquid 2 to. In conjunction with the solvent 8 t or In place 
thereof, reduce the viscosity of hydrocarbon liquid 2 If this Is neces- 
sary. 

10 In operation, the hydrocarbon liquid 2 containing e.g. at least one 

Inorganic substance is pumped by pump 12 through the heat exchanger into 
the separating device 16, to the side of the membrane 16 having outer 
layer 3*. As previously stated, if necessary, the viscosity of the 
hydrocarbon liquid 2 can be reduced to less than about 600 centl poise by 
1* mixing the solvent 6 with the hydrocarbon liquid 12 using the stirrer 
The viscosity of the hydrocarbon liquid 2 can also, if necessary, be 
reduced to less than about 600 centipoise by heating the hydrocarbon 
liquid using the heat exchanger in alone or in combination with the 
addition of solvent 8 thereto. 
20 It is necessary for the viscosity or the hydrocarbon liquid to 

be reduced to less than about 600 centipoise in order that the hydro- 
carbon liquid ca. be pumped across the outer l^yer 3* of the membrane 18 
to pass through the -^brane at a pressure differential in the range of 
one to 100 atmospheres and in order that the membrane 18 will not become 
2$ blinded by the hydrocarbon liquid. 

- 5 - 
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The hydrocarbon liquid 19 forest Urougti the •'"•Uhh? If leaving 
behind « retentate enr Jched Wth tl»« Inorganic substance or substances. 
The retentate flows across Mr ■e«bra»« And la collected In Hie Unk 20. 
If desired, retentate 22 u| be putiped by pu«p 26 fro* the tan* 20 to the 
centrifugal separator . where solid substances art rc»uv«d fro« tt* 
retentate and returned to the tank 20. Tl>e rctentate with solid 
substances re« ted therefrc* Is puwped t-y the punp 28 to the tank I to be 
processed once *vrt. 

The following tables give the results of tests carried out to 
verify the present Invention using the nrr» r *tu9 » nown ln Figure 

Each table gives the results of different tests carried out for 
the removal of Inorganic substances for a particular foss:i derived, 
hydrocarbon liquid using similar or different ■cabranes in each test In a 
table. 

In the following Table 1, new and used diescl lubricating oil 
vas passed at a pressure of 1.0 t 0.1 nar at 60»C through the ™Dbr.mr» 
specified at the particular fluxes given. 
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The following Tables II to XII glvt the results or teats for 
different fossil derived, free flowing, hydrocarbon liquids using flat 
©olysuUone membranes on polyester supports. 

Where the membrane numbers are followed by U. such as 2U. this 
5 Indicates that these membranes were made from polysuirone marketed under 
trade name UUCL 3500 by Union Carbide Corporation. 

Where the membrane numbers are followed by V. such as 3V, this 
indicates that these membranes were made from polysuirone marketed umler 
the trade mark T1CTBEX by Imperial Chemical Industries, London, England. 
t0 in the Tables the separation results given Tor chromium an*) 

vanadium -ere measured using a method that waa unreliable Lelow 2 ppm and 
so these results are given merely to show that separation or chromlu* and 
vanadium occurred. 

In the following Table II the feed was Venezuela crude o!» fed 
15 at a flow rats of 0.192 Kg/second,, and at a temperature or 30»C The 
feed pressure was between 2.0 MPa and 2.5 MPa. The volume of crude oil 
used in each test was 9-0 liters having a mean viscosity at 20»C or 

to.o crs. 

20 



25 
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In the following Table III the feed was the Venezuelan crude* oil 
retentate from the test or the sane designation In Table II, which was 
the renaming concentrated 601 by volume or the reed ror Table II. 

In Table III the How rate or the reed pressure ror each test 
5 was 0.065 Kg/second, at a temperature or 37*C. The reed pressure was 

between 2.0 MPa and 2.5 HPa. The volume or oil used in each test was 5.0 
liters having a »eans viscosity at 37*C or 25*5 CPS. 
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used • measuring method which was unreliable below 2p P m and so 
results are given merely to show that chromium separation occurred. 
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In tht following Table IV the feed was Te*as crude oil, fed at a 
flow rate or 0.270 Kf/second, and at a tetperature of 20»C. The feed 
pressure for each teat was between 2.0 HPa and 2.5 KPa. The volua* of 
crude oil used in each test was 5.0 liters having a swan viscosity at 
5 20*C of 5.1 CPS* 
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In the following Table V the feed was crude oil Trem Leduc, 
U!*erta t Cjnada, fed at a flow rate of 0.?6* Kg/second, and at a 
teBperature or 2**C. The feed pressure was between 2.0 HPa and 2.5 W*. 
The voluae or crude oil used In each test was 9.0 liters having a *»an 
5 viscosity at C» f C or 56.5 CPS. 
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In the following Mole VI the feed was from the Leduc cr.ude oil 
retentate froai the teat of the aase designation in Table V, vMchwas the 
retaining concentrated 50* by voluse or the feed fro* Table V. 

In Title VI, the flow rv* of th# f#*d for each test was 0.129 
5 Kg/second, and at a temperature or 2* # C. The feed pressure was between 
2.0 HPa and 2.5 HPa. The volume or oil used In each test waa 4.5 liters 
having a scan viscosity at 24*C or 16.5 CPS. 
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In the following Table VII the feed was that known as Hydale 
crudi oil fro« Venezuela , red at a flow rate or 0,110 Kg/seccftd, and at 
a temperature or 50*C. The reed pressure was between 2*0 KPa and 2.5 
Ufa. The vol use or crude oil used In each test was 9.0 liters having a 
5 swan viscosity at 50*C of 19.5 CPS. 
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Marring now to Figure 2, there la shown a graph of the ' 
molecular wtight distribution of the teat designated 6U in T»t>le VII. 
Obtained by a high performance liquid chromatograph. 

In Figure 2 ewlecular w-sight M is plotted against «lutlon volume 

5 ff la for the feed which had a weight averaged aolecular weight cf 

5X6> and u for the permeate which had a weight averaged molecular 

weight of 320. 

In the following Tabl* VIII. the feed was the Mydal crude oil 
retentate from the test of the aane designation in Table VII. which was 
10 the remaining concentrated «0S by volume of the feed Tor Table VII. 

in Table VIII the flow rate of the feed Tor each test was 0.0«2 
Kg/second, at a temperature of 60*C. The feed pressure was between 
2.0 HPa and 3-5 HPa. The volume of oil used in each test was *.0 liters 
having a mean viscosity at 60 # C of 98.7 CPS. 
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in the following Table IX the Teed was that known as Boundary 
Lake crude oil frc* British Columbia. Canada, fed at f flow rate of :.39 
Kg/sect d, and at a temperature of 25»C. The feed pressure wis between 
1.5 Hpa and 2.0 MPa. The volume of crude oil used tn each test was 7.0 
5 liters having a Bean viscosity at 25*C of 8.5 CPS. 
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in the following TaMe X the feed was the Boundary U.*t 
retentate from the test of the same designation in Table IX. which wm 
the retaining concentrated 571 by volume of the feed for Table IX. 

In Table X the flow rate or the feed for each test *as 0.103 
Kg/aecrnd, and at a temperature or 35 # C. The Teed pressure was between 
2.0 KPa and 2.5 MPa. The volume of the oil used in each test wis 4.0 
liters having a mean viscosity at 35*C of 17-5 CPS. 
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in the following Table XI the feed was a Canadian pipeline blend 
of crude oils, of unknown origin. Ted at a How rate of 0.210 Kg/second, 
•nd at a temperature of 30»C. The feed pressure fcr each teat was 
between 2.0 HPa and 2.5 MPa. The voluse of the crude oil used In each 
test was 9.5 liters having a »can viscosity at 30 # C of 5.1 CPS. 
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In the following Table XII the Teed vu the pipeline blend crude 
oils retentate froa the test or the saae designation in Table ft, 
representing the renaming concentrated 47S of the Initial feed or Table 
XX. 

In Table XII the flow rate or the reed ror each test was 0.1 32 
Kg/second, and at a temperature or 30*C. The reed pressure was between 
2.0 HPa and 2.5 HPa. The volune or the oil used In each test was 5*0 
liters having a Bean viscosity at 30*C or 15. « CPS. 
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IN SERIES PLOW | 


FINAL FEED 


• 8 S S S 2 

* • • • • • 

s s ° * * • 
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> 


2.09 

41.80 

5.92 
74.10 

285.00 
39.70 

0.37 
42.20 

0.60 
85.50 

0.50 
92.20 

2. At 
67.90 




2.18 

6$ nn 

i 5.60 
75.50 

270.00 
42.90 

0.36 
43.70 

0.60 
85.50 

0.50 
92.20 

74.10 


MEMBRANES 
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2.27 

19.70 

S.06 
7f an 

269.00 
43.10 

0.35 
45.30 

0.60 
85.50 

0.50 
92.20 
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The following Tables XIII to XXI give results or tests carried 

i 

out on various tar sands bitumen to verify the present invention for 
different seobranes* 

In the following Table XIII, the feed was Athabasca Tar Sands 
5 bitumen obtained fron the Solvent Extraction Spherical Agglomeration 
(SESA) process. The flow on the retentate side or the meabranes was 3 
llters/ninute at a pressure or 9 bars and at 20»C. 

For comparison, the analysis of oil upgraded by the conventional 
•ethod or solvent extraction and eentrtrugation called Maltenes Is shown. 
10 It is evident that the conventional method for removing asphaltenes Is 
not effective in removing nitrogen, sulphur, nickel an1 vanadlus which 
are the most important contaminants. 
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\ 

In the following Table XIV, the feed was Lloyd Primary Bitusen 
fed at a flow rate or O.31 Kg/* at a tempera ture of 38 # C and a pressure 
between 2.0 Kra and 2.6 MPa on the retentate aide of the »e«branes. The 
voluae of oil used was 8.5 liters having a «ean viscosity of 85 CPS at 
38*C. 
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MEMBRANKS IN SERIES FLOW 


FINAL 
FEED 


102.00 
843.00 
3.32 
64.00 
29.00 
13.08 


> 


2.05 

13.50 

6.51 
92.37 

482.00 
42.82 

1.99 
40.69 

9.90 
84.29 

4.60 
E4.14 


> 
m 


2.11 

19.20 

6.26 
92.70 

174.00 
43.80 

1.97 
41.30 

4.80 
92.40 

2.70 
90.70 

3.24 
75.20 


g 


2.16 

28.50 

5.10 
94.00 

(40.00 
47.80 

1.86 
44.60 

1.80 
97.10 

1.30 
95.50 




2.22 

4.92 
94.20 

123.00 
49.80 

1.79 
46.60 

1.70 
97.30 

0.90 
96.90 

2.51 
80.80 
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2.27 

IB. MP 

4.97 
94.20 

432.00 
48.80 

2.05 
38.90 

2.00 
96.80 

1.60 
94.50 
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2.33 

10.00 

4.89 
94.30 

420. or 
50.20 

1.85 
44.90 

1.80 
97.10 

1.00 
96.60 




2.36 

5.40 

5.96 
93.00 

144.00 
47.30 

1.88 
i 44.00 

3.10 
95.10 

1.70 
94.10 




2.44 
2.70 

2.01 
40.10 

3.60 
94.30 

2.00 
93.10 

3.44 
73.7 
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2.55 

12.80 

4.20 
95.10 

390.00 
53.70 

1.71 
49.00 

1.10 
98.30 

1.00 
96.60 

2.41 
81.6 


(I 


68.60 
843.00 
3.39 
62.00 
29.00 
13.08 
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in the roll owing Table XV, the feed was Lloyd PrUary Bltuaen 
froa Table XIV afUr renoval or *.5 liters of permeate Ted at a flow rate 
of 0.028 K«/9 at a tenperature or *2»C and a pressure between 2.0 KPa and 
3.* HPa on the retentate side or the nembranea. The voluiee or oil used 
5 was liters having a mean viscosity or 295 CPS at 42*C. 
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In the following Table XVI, the feed was Cold Lake Bitumen 
diluted by 3*>J naphtha, fed at a flow rate of 0.126 Kg/9 at a temperature 
of *6*C and a pressure between 2.0 MPa to 2.5 HPa on the retentate side 
«f Up* &eatrar.cs. Trie rc!u=* cf oil used 5.5 1tt*r* having a sean 
5 viscosity of 27.2 CPS at *6»C. 

In Figure 3 there Is shown a graph of the molecular weight 
distribution of the Cold Lake Bltuaen test designated U6 in Trble XVI 
obtained by the previously mentioned high performance liquid 
chroma tograph. in Figure 3 the molecular weight M Is plotted against 
10 eluUon volume. The line ----- is for the feed hydrocarbon which has a 
weight average molecular weight of 811 and line — is for the permeate 
which has a weight arerage molecular weight of about 400. 
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Jn the following Table XVII, the feed was Cold Lake BitumVn froo 
the test In Table XVI arter renovai of 2.5 liters or permeate. The feed 
was introduced at a flow rate of 0.985 Kg/s at a temperature of *VC and 
• pressure between 2.0 MPa to 3.0 MPa on the retentate side or the 
5 membranes. The volume of oil used was 3 liters having a mean viscosity 
of 89.6 CPS at *5»C. 
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MEMBRANES IN SERIES FLOW | 


II 


104.30 
891.00 
3.63 
125.00 
41.00 
16.78 


S: 


2.09 

33.i>0 

3.55 
96.04 

561.00 
36.21 

2.12 
41.68 

30.00 
75.90 

11.00 
73.17 




2.18 

42.30 

2.65 
97.00 

500.00 
43.10 

1.84 
49.40 

11.00 
91.20 

4.30 
89.50 

3.52 
79.00 


S 


2.27 

63.00 

2.25 
97.50 

438.00 
50.20 

1.72 
52.70 

3.80 
96.90 

2.20 
94.60 


s 


2.36 

77.10 , 

2.11 
97.60 

436.00 
50.40 

1.65 
54.60 

3.20 
97.40 

1.80 
95.60 

2.81 
81.20 


s 


2.45 

46.60 

2.06 
97,70 

425.00 
51,70 

1.65 
54.60 

3.50 
96.20 

2.10 
94.90 


5 


2.55 

21.60 

2.05 
97.70 

418.00 
52.50 

1.64 
54.90 

3.30 
97.30 

2. 20 
94.60 
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2.73 

14.90 

2.12 
97.60 

401.00 
54.40 

1.63 
55.20 

4.10 
96.70 

1.90 
95.40 

2.74 
83.70 




2.91 

1.72 
98.?.0 

412.00 
53.20 

1.50 
58.70 

2.80 
97.80 

1.20 
97.10 

2.44 
85.50 


INITIAL 
FEED 
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868.00 
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124.00 
41.00 
16.78 
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In the following Table XVIII tne feed was Carbonate Trend 
Bitusen diluted by MS with naphtha ana fed at a flow rate of Q.oy* K 
•t a teaperature or 25*C and a pressure between 2.< KPa to 2.9 HP* on 
retentate aide of the nesfanea. The voluae of oil used was 6 liters 
twit* a mean viscosity of 60.6 CPS at 25»C. 
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In It* following Table XIX the feed was Carbonate TreM Bituwea 
rroe the test Ascribed In Table XVIII after removal or 50S or *he reed 
as peraeate. Th* "on concentrated reed was red at a now rate or 0.02 
Kg/3 at a torpor at ure or 35*C and a pressure between 2.0 MPa to 3.5 KPa 
on the relent ate alOe of the aenbranes. The vol use of oil used was * 
liters hav|r*£ a aean viscosity of 392.5 CPS at 35*C. 
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2.14 

1.93 
99.51 

169.00 
47.27 

1.87 
58.26 

5.00 
96.28 

2.10 
94.88 


S 


2.27 

17. 40 

1.88 
99.50 

170.00 
47 20 

2.00 
55.40 

5.30 
96.10 

2.50 
93.90 

2.8J 
78.50 


5 


2.41 

1.81 
99.50 

46S.00 
47.70 

1.91 
57.40 

3.90 
97.10 

1.80 
95.60 


5 


2.55 

24.90 

0.00 
LOO. 00 

153.00 
49.10 

1.98 
55.80 

3.40 
97.50 

1.80 
95.60 

2.54 
80.60 




2.68 
iq 

1.64 
99.60 

450.00 
49.40 

1.92 
57.10 

1.50 
97.40 

2.00 
95.10 


> 


2.82 

12.90 

1.56 
99.60 

425.0C 
52.20 

1.59 
64. SO 

3.10 
97.70 

1.60 
96.10 




2.95 

11.60 

1.32 
99.70 

396. 0( 
55. :o 

1.47 

67.20 

2.50 
98.10 

1.20 
97.10 
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in the following Table XX the feed was Athabasca Bitumen fruo 
the hot water extraction process with a dilution of 37* with naphtha fed 
at a now rate or 0.1 Kg/s at a temperature or 35»C and a pressure flow 
between 2.0 HPa and 2.5 HPa on the retentate side or the .embrane*. The 
volume of oil used was 6.5 liters having a nean viscosity of 21.9 CPS at 
35 # C. 
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MEMBRANES IN SERIES FLOW | 


FINAL 
FEED 


s s a g § a 
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w * ~s -s; ~& 
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2.09 

113.00 

1.42 
93.50 

167.00 
41.80 

1.48 
54.90 

3.60 
96.50 

1.80 
94.50 

2.54 
82.20 
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2.27 

46.20 

1.23 
94.00 

423.0f 
47.30 

1.32 
59.80 

1.80 
98.20 

1.00 
96.90 


* 


2.32 

15.40 

1.21 
94.50 

4l7.0f 
48.00 

1.50 
54.30 

2.10 
97.90 

1.00 

96.00 
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2.45 

62.80 

1.12 
94.90 

400.00 
50.10 

1.29 
60.70 

1.90 
98.20 

1.00 
96.90 

1.99 
86.00 


ii 


19.20 

797.00 
3.24 
99.00 
32.00 
14.22 
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In the renewing Table XXI We feed waa athabaaca Bitumen 
concentrate fro. the test of Table XX after monl or 3 "tera of, 
per.«ate. fed at a Ho- rat. or 0.025 Kg/» at a te-perature or 3«'C .nd • 
preaaure No- between 2.0 MP. and 2.7 MPa on th. retentate aide or the 
•e.branea. The volume of oil uaed waa 3-5 Utera having a «.« »lacosttjr 
or 122.8 CPS at 3*'C 
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The teats showed that when the mlcroporous structure provided 
the outer layer on the retentate side with * molecular weight cut off 
greater than about 20.000 > membrane 9V. when measured in an aqueous 
medium, the microporous structure was more susceptible to plugging giving 

5 lower separation factors for the constituents and lower permeate fluxes. 

The test results also indicated that using f«*da having higher 
viscosities than those given in the Tables would give larger pressure 
drops with the equipment used on the retentate side of the membrane, 
causing .ore olfficult pumping of hydrocarbon past the membrane which in 

10 turn would give lower oermeation rates, and so the viscosities would have 
to be decreased for higher recoveries of the upgraded oil. The viscosity 
«ay be reduced by heating the oil or by adding a recoverable solvent, 
such as naphtha or hydrocarbon concentrates.' such as those obtained from 
natural gas. provided that they are mainly aliphatic in nature. Higher 

1$ viscosities could be «co«Do<Ut«<l by equipment with larger spacings on the 
retentate side of the membrane and by the use of larger pipe sizes in the 
construction of the equipment. 

It was also evident from the tests that a retentate obtained 
from a fossil derived hydrocarbon liquid by the present invention say be 

20 enriched with at least one inorganic substance selected from groups IU. 
IVA. VA. VIA. V11A, VIIIA. IB. IIB. IIIB. IVB. VB and VIB of the Periodic 
Table as specified by the International Union of Pure and Applied 
Chemistry. Important inorganic substances included in this list and 
demonstrated to be separable in the previous examples are boron, nickel. 

25 vanadium, chromium, copper, aluminum, titanium, zinc. lead, iron, 

- «6 - 
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nitrogen, silicon, phosphorus, tagneslua, calclua and sulphur, which wen 
chosen to act as examples and are not eeant to Halt the present 
Invention to these elenenta. 

In the case of oil froa oil shale or bltuaen fron tar sands, 
inorganic sub3tances such as polyarowtic hydrocarbons, e.g. asphaltenes 
gums and waxes, *ay also be retained In the retentate obtained by the 
present invention. 
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CLAIMS 

j # A method of removing substances from fossil derived, 

hydrocarbon liquid, comprising passing the fossil derived 
hydrocarbon liquid as a feed containing at least one substance 
selected from the group consisting of higher molecular fractions 
thereof and inorganic substances and having a viscosity of less 
than about 600 centipoise, across a high pressure side of a 
microporous membrane, at pressure differential in the range of 
about one atmosphere to about 100 atmospheres (i.e. 0.1 to 10.0 
nPa), at least an outer layer of the membrane, on the high 
pressure side thereof, being of at least one lyophilic, 
hydrocarbon liquid stable, organic, polymeric material, and 
having a microporous structure that provides the said at least 
an outer layer with a molecular weignt *~ut off of less than 
about 20,000, when measured in an aqueous medium, and less than 
4,000, when measured in oil, so that oil depleted in the said at 
least one substance permeates the membrane leaving HquM 
hydrocarbon enriched in the said at least one substance as a 
retentate on the high pressure side of the meibrane. 

2. A method according to claim 1, wherein the hydrocarbon 

liquid feed contains asphaltenes and the permeate is essentially 
asphaltene free. 

3 # A method according to claim 1, wherein the viscosity 

of the hydrocarbon liquid feed is reduced to less than about 
the said 600 centipoise by heating the hydrocarbon liquid.. 
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CLAIMS (cont.) 



4. A method according to claim 1, wherein the viscosity 

of the hydrocarbon liquid teed is reduced to Us. than about the 
said 600 centipoise by diluting the hydrocarbon liquid feed with 
m solvent thereof. 



5. A method according to claim 1, wherein the retentat* 
is enriched with at least one inorganic substance selected from 
the group consisting of nickel, vanadium, chromium, copper, 
aluminum, boron, titanium, zinc, lead, iron, nitrogen, silicon, 
phosphorus, magnesium, calcium and sulphur present in the 
hydrocarbon liquid. 

6. A method according to claim 1, wherein the viscosity 
of the hydrocarbon liquid permeate is less than about 50% of 
that of the hydro-carbon liquid feed. 

7. A method according to claim 1, wherein the said outer 
layer is of at least one material selected from the group 
consisting of polysulf ones, polyacrylonitriles, polyamides and 
polyvinyl idene fluoride. 

8- A method according to claim 1, wherein the hydrocarbon 

liquid feed is passed across the retentate side of the membrane 
with the hydrocarbon liquid feed having a viscosity of less than 
about 400 centipoise, and the microporous structure of the said 
at least outer layer provides that layer with a molecular weight 
cut off of less than about 10,000 in an aqueous medium. 
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